Osteoporosis represents one of the most common age-related diseases overall [1, 2] 
and C-terminal telopeptides of collagen type I (ICTP) [18] . First experimental data from our group [19] and Koh et al . [20] demonstrate a stimulation of human osteoclasts activity by increasing concentrations of HCY. In addition, extracellular collagen cross-linking, which is important for bone stability, might be disturbed [20] [21] [22] . However, little is known about the effect of HCY on osteoblast (OB) activity. In hyperhomocysteinemic animals circulating osteocalcin (OC) concentrations have been found to be 40% lower than in controls [15] , indicating a reduced OB activity. A reduction of OC expression by HCY could be confirmed in cell culture experiments performed with MC3T3-E1 preosteoblastic cells [23] . Another recent cell culture study with human bone marrow stromal cells demonstrated an enhanced apoptosis by HCY stimulation [24] . Contrary to these experimental observations, in human beings HCY positively correlates with the circulating concentration of the OB activity marker OC [16] .
Based on existing data, we hypothesized that HCY decreases the activity of primary human OB. Accordingly, we analyzed the influence of increasing HCY concentrations on the activity of primary human OB in vitro. 
Materials and methods

Study design
Measurement of PINP
PINP secretion in the supernatant was measured with a chemiluminescence immunoassay (Roche Diagnostics) on an Elecsys 2010 automated analyzer (Roche Diagnostics). This sandwich assay uses two monoclonal anti PINP antibodies. The first anti-PINP antibody is bound to biotin and fixes PINP of the sample to streptavidin coated micro particles (solid phase
Fig. 1 Effect of increasing concentrations of homocysteine (HCY) on primary human osteoblasts. Each condition was tested 64 times (8 donors and 8 repetitions). (A) Mean (95% confidence interval) alkaline phosphatase activity. Results are presented as a percentage of the mean AP activity in cultures without HCY (n = 8 per individual) as 100%. (B) Mean (95% confidence interval) concentration of pro-collagen type I N-terminal peptide in the supernatant. (C) Mean (95% confidence interval) concentration of osteocalcin in the supernatant. P: P-value of one-way ANOVA representing the variation of the group means around the overall mean. (*)P < 0.10 (LSD post hoc test) versus control cultures without HCY, *P < 0.05 (LSD post hoc test) versus control cultures without HCY and **P < 0.001 (LSD post hoc test) versus control cultures without HCY.
HCY stimulated AP activity gradually, reaching a maximum of 125% at 500 mol/l (Fig. 1A) . At higher HCY concentrations the increase in AP was reversible, which is probably due to toxic effects of HCY.
PINP and OC secretion
In order to confirm the AP results we measured PINP and OC secretion in the supernatant. The mean PINP concentration in the supernatant of control cultures was 205 ± 94 g/l. HCY concentrations of 100, 500 and 1000 mol/l HCY induced a gradual increase of PINP with a maximum of 260 ± 154 g/l at 500 mol/l (Fig. 1B) . This corresponds to an increase of 27%, which is comparable with the increase of AP.
In cultures without HCY addition mean OC was 7.4 ± 0.8 g/l, indicating a low variability between donors. In contrast to AP and PINP, the addition of HCY to the culture medium did not change OC secretion (Fig. 1C) .
Formation of mineralized matrix
As shown in Fig. 2 [25] [26] [27] [28] . AP is the characteristic marker for the proliferation phase (days [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] , PINP characterizes the phase of matrix maturation (days [12] [13] [14] [15] [16] [17] [18] [19] [20] Osteoporosis is characterized by a dysbalance between OB and osteoclasts [29] . Previous studies by Koh et 
